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CIHATAEMbIE 300POBb#H

Q

BrHemnan
cpena
70%

LLIECTb OCHOBHbIX ELJA, PEXXUM IMTUTAHUA,
®AKTOPOB, OUINYECKAST AKTUBHOCTD,
BIIUSIIOLYMNX HA CTPECC BPEHBbIE MPUBbIYKU,
9KCMPECCUIO FEHOB  9KOJIOIrus, JIEKAPCTBA

MotoB O.C., 2001



OCHOBHbIe HanpaBreHus
MOJEKYNAPHO-TeHEeTU4YeCKNX
nccriegoBaHun

A

N3yuyeHue
MynbTUdakTopmanbHbIX
3aboneBaHnun

/N

[MpeankTuBHOE [onynsuMOHHbIE
TeCTMpoBaHne nccnenoBaHus
(GWAS)

'notos O.C., 2001



MyrnbTndaktTopuarnbHble (KOMMIEKCHbIE) 3aboneBaHns

N
[loBegeHne, — — CnyyauHble
NPpUBbIYKN  — bonesHb | — doaKkTopbl
T

OkpyxatoLlas cpeaa




FEHbl «NMPEAPACNONOXEHHOCTW> -

«MymaHMmMHbIe» 2eHbl, HaJilu4ue KOmopbiX coeMecmumMo

C JXU3HbI YesioeeKka, HO Komopabie 8
Hebs1a2onpusIMHbIX ycs108USIX MO2ym 6bimb NMpUYuHoOU

pa3niu4yHbIx 3abosiesaHuu

Motos O.C., 2001



rEHbI
«NPELAPACIIONIOXEHHOCTHU» -

eapuaHmbl 2eH08, KOMOPLIe COBMECMUMbI C JXU3HbLIO, HO 6
Hebna2onpuamHbIX ycrnoeusiX Mo2ym npoeoyupoeams
pa3eumue pa3nuyHbix 3aboneeaHull

- [eHbI cucmemMsl demokcukayuu KceHobuomukos

- leHbI peuenmopos

- [eHbl - Memabonuyeckue wWyHmebl

- [eHbl «cmapeHus»

- FeHbI UMMYHHOU 3aujumesl

- [eHHbIe cemu MynbmughaKmopuaribHbIX
3abonesaHul w Op.




SHAYEHUE N'’EHETUYECKOI'O TECTUPOBAHUA

- BbiOeneHue egpynn pucka
- BHeceHue Koppekmupo8oK 8 mepanuio

- Koppekuus o6pa3a XusHU U mpeHUpoB8oYHO20 Npouyecca

FrEHETUHECKOE TECTUPOBAHMUE - 3TO:

-Memod npsimozo ebisierieHuUss Mymauuu

-He 3asucum om yHKUUOHasIbHO20 COCMOSHUS
op2aHu3ma

-Ha ocHosaHuu nony4YeHHbIX OaHHbIX MOXHO
cgpopmMmuposams rsiaH obcriedosaHuUs u
rnpoguiakmu4eckux Mmep

MotoB O.C., 2001



NMABHBIE NMPOBJIEMbI
NPEONKTUBHOU MEOULINHDLI

1. JocToBEpHOCTb pe3ynbTaToB reHEeTUYECKOro
TeCTUpOBaHUSA HacNeACTBEHHOW NpeapacnorioXeHHOCTH

2. BbiiBNneHne Bcex reHoB , aCCOLMNPOBAHHbBIX C
KOHKpeTHbIM M®3

3. AOeKkBaTHasa UHTepnpeTauna pe3ynbTaToB

MotoB O.C., 2001



iccnenoBaHUA reHOB-KaHaMaToOB

[ MnoTesa -> reHeTU4Yeckme nccnenoBaHns
AHann3 accouuauuu
ToyeuHble nonumopdunsmel (SNPS)

[10 HepaBHero BpeMEHN — OpraHN4nBalinCb

TecTupoBaHueM 1-2 yHKUMOHaASbHbIX BapnaHTOB
(NnSSNPs).

[locne Bbixoga B cBeT HapMap — BmecTo
doyHKLUMOHAaNbHbIX BapMaHTOB CTanu TMNMpoBaTh
KrtoyeBble nonumopdunamel (tagSNPS) (MakcumanbHoe
«MOKpbITUE» reHa-KaHagnaaTa)

Motos O.C., 2001



AHanna accouunaunu - metoguka (1)

NMonynaunoHHoOe uccnepgoBaHue:. case-control association studies

MauunenTbl (Cases) © AnmnenbT
OO O% OOO O  Annenb C
OOO O OO © =
@00

Yactota annenun pasnmyHa
KoHTponb (Controls) >~ B rpynne nauymneHToB U B
300p0oBOU nonynaunn

O O ®
OOOO ~

OOO O O% O
000 MMpo6nema: noXHO-MoNoXUMenbHasi
accouyuauyus us-3a pasnuduu mexxoy
nayueHmamu U KOHmMporibHoU 2pynod,
He cesi3aHHbIX ¢ 3aboresaHuem

Motos O.C., 2001



MeToaunkn nonucka reHoB KOMMIIEKCHbIX 3aboneBaHui

Single

_ 1. OOnHOYHbIE reHbl-kaHanaaTbl
candidate

gene

2. ['eHbl, cBA3aHHbIE ApYyr C APYyromMm B

Disease-associated natoreHese 3aboneBaHus
pathway

3. Mo3MyMoOHHOE KITOHMpPOBaHWUE C

_ _ : _ nocnegyoLwem aHanmsom
Fine-mapping of linkage region accoLmaLuil

(positional candidate genes)

4. NonHoreHoMHoe

Genome-wide association studies (GWAS) CKaH/poBaHue

/ 5. NonHoreHoMHoEe
Genome-wide sequencing CEeKBEHNpPOBaHME

Motos O.C., 2001




CkaHunpoBaHue reHoma (GWAS)

Genome-wide association study (GWAS)

AHanus accounaumn. Mcnonb3yeTcs 60nbLIOE KONMMYECTBO
MapKepoB Ha BCEX XPOMOCOMaX.

[1B€ OCHOBHbIE KOHKYpUpYyoLmre donpmbl (MOCTaBLLMKN
obopygoBaHusa) — lllumina n Affymetrix

[MepBbin GWAS B uennakmmn (AHrnusa) — lllumina 317K (317,000
SNPs)

Tekywme nccnegosanma — GWAS B ['onnaHgmun, Utanun,
PuHnananm n AHrnnm — lllumina 670 quad bead chip (540,000 SNPs
+ CNV (copy-number variations — obnactu geneuui 1 gynnukaumn)

Motos O.C., 2001



MeToanka NnonNHOreHOMHOro CKaHNPOBaHNA

Number of SNPs

Genotype full set
Sl R R k R k R k of SNPs in relatively
small population at
liberal p value
| A

Stage 2

\J
Stage 3 ﬂ

R iR e e e
e e e e e
e iR e e ZHpe
e e e e e
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European Human Genetic
Conference 2009,Vienna
CeMunHap : GWAS or not to GWAS?

OCHOBHbIE CpeacTBa Hay4HbIX NporpamMmm B pamMkax
(GEN2PHEN) un kommepyecknx dompm, npoBoadALLInNX
reHeTU4eckoe TeCTUpoBaHue, criegyet TpaTUTb Ha
BbIACHEHWE KITMHNUYECKON 3HAYMMOCTUN Pe3ynbTaToB
reHeTU4YeCcKoro TeCTUpoBaHUA HacneacTBEHHOW
npeapacrnonoXXeHHOCTH

MotoB O.C., 2001
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43-9 exxerogHasa KOHdepeHUUSA Mo reHeTUKE YeroBeka

(43th European Human Genetics Conference, ESHG

2011) npoxoguna B ropoae Amcrtepgam, HuagepnaHabl
c 28 maga no 31 maga 2011 rona.

AT

UNRAVELING THE DUTCH GENOME
IN HEALTH AND DISEASE

Cisca Wijmenga, PhD .
University Medical Center Groningen
The Netherlands
c.wijmenga@medgen.umeg.nl

MotoB O.C., 2001



X0YeTCHA OTMETUTb 3HAYUTENbHbLIN pa3max NPOBOAMMOrO
MepPOonpUATUA: KONMYECTBO 3aperncTpmpoBaHHbIX Y4aCTHUKOB
cocTtaBuso bornee 2200 yenosek (2129 NocTepHbIX AOKNaOA0B)

n3 Esponbl, AMepuku, AnoHun, Kutaa n gpyrmx permoHoB
mMupa (K cpaBHeHuto B 1989 rogy 6birio 350 ydacTtHuKoB 1 185
NOCTEPHbIX A0KNaaos). [neHapHblie nekumn Yyntanu seayLline

MUPOBbIE YYEHbIE.
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‘ In collaboration with the GSQC -
Y practice: promises and pitfalls

otos O.C., 2001



Unnbl HOBOro NOKOMNEHUST NO3BOSIAIOT N3ydaTb ThICAYM FEHOB
OLHOBPEMEHHO (TaK Ha3biBaembln EXOM). C nomMoLbto
OAaHHOro MeToga Mbl MOXEM paclundpoBaTh BCHO KOAUPYHOLLYHO
nocriegoBaTenbHOCTb U3y4YaeMbIX FreHOB 3a HECKOSbKO 4YacoB.
Cenvac Takue nuccrnegosaHusi NpoBoAAT B OCHOBHOM A4S
noucka mMytaumn y naumeHToB C peakmmm 3aboneBaHUsiMm.

Rare diseases (~
EUCERD Committ

80% have a »genetic origin“):
€e and National Plans by 2013

" European Union Committee of Expert
[ 'on Rare Diseases -

eur- ex.europa,eu/LeerIServILeeriServ.do?uri=0J:C:2009:151:0007 0010:EN:PDF

Motos O.C., 2001



[na Tex KTo xo4eT nybnunkoBaTbca B EBponenckom
XypHarne no reHeTuke yenoBeka npumBoxy ux IF.
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Ba)HO NOgYEPKHYTb, YTO OCOOLIN aKLIEHT NCCIIea0BaHNN
COCpeaoTOYEH Ha aHann3e reHeTMYecKkoro martepumana c
NOMOLLbIO OMOYMNOB HOBOIO MOKONEHUSA, MO3BONAKOLLErO B
KpaTKkoe BpeMS MonyynTb MOSHYH KOOUPYHOLLYHO
HYKNeoTUOHY nocrenoBaTenbHOCTbL TeHOMa YenoBeKa B
TevyeHuun 2-3 yacos ([pnbopbl dunpm Life technologies u
Roche).

Next generation sequencin E

Approach: sequencing of patient-parent trios!

®
9: Taraeted rocea m * 10 patie
2009 argeted resequencing = R 9 10 patients and parents with DNA available from blood

known disease genes

and/or genomic loci

£l N 2
2010: Exome sequencing in

Mendelian diseases

® 2011: Diagnostic implementation

MotoB O.C., 2001



[Tpnyem 60NbLUMHCTBO NOMHOrEHOMHbIX UCCNeaoBaHNN
cenyac nposoaAatca B Kutael!!

0 next genar
At generation sec
: ( sequenc
bl juencing platforms
Profre :,w!’)filﬂ‘g_

MotoB O.C., 2001



Unraveling the Dutch genome in health and disease
C. Wijmenga,
Faculty of Medical Sciences, Department of Medical
Genetics, University
Medical Center Groningen, Groningen, Netherlands.

GONL consists of 3 phases

MotoB O.C., 2001



Exploring the invisible world using metagenomics:
systemic analysis of the ecosystem ,human gut’
P. Bork;
Structural and Computational Biology, European Molecular
Biology Laboratory
(EMBL), Heidelberg, Germany.

| — .

Complexity of each individual dataset
Workflow and dependencies in metagenome analysis

Motos O.C., 2001



Sequencing Thousands of Human Genomes
G. Abecasis;
Center for Statistical Genetics, Department of Biostatistics,
University of Michigan, Ann Arbor, MI, United States.

SardiNIA Whole Genome Sequencing

MotoB O.C., 2001
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Association of COMT and MTHFR polymorphisms with cognition in schis,

ophreniq

ahtiel 7 r Sofocleous Eirini Thcochm‘l:, Spyridon Kleisas!
= | Kana Helen Fryssipq 2 ’

Ist Psychiatric Department Psychiatric Hospital of Atticq, Athens Greece
Department of Medical Genetics Medical School, Athe s Umw—;r*sr'ry "Aghia Sophig" Child'r'en's Hospi
Research Institute for the Study of Mailgnant Disor‘der‘s in i Athens, Greece
Childhood, , "Aghia Sophia” Children s Hospital . Athens . Greece

Introduction

* Catechol-O-methyltransferase (COMT)  contributes to
enzymatic degradation of dopamine and noradrenaline, The
human COMT gene on 22q11 contai ional polymorphism
(Val158Met, rs4680 6/A) affecting the activity of the enzyme

at temperature. Met 158 variant is supposed to exert
a\mlmity of prefrontal dopamine signaling improving thus
prefrontal activati n during working memory performance.
ing for methylenetetrahydro
in gene regu ‘

Motoe O.C., 2001
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Association of the ciliary
gene AHI1 with autism

University Medical Center
Utrecht

n ‘'t Slot R., De Kovel C.G., Poot M

>enter Utrecht, The

Introduction Results I

Joubert syndrome (JBTS) is an autosomaal recessive For nine out of ten JBTS genes no significant differences in SNP.
disorder with developmental delay and hypotonia, allele frequencies were found between the autism and the healthy
characterized by the neuroradiologic 'molar tooth sign*. Up cohorts. For three SNPs mapping in and next to A1/ on 69233
10 27% of JBTS patients show features of autism. Thus far, significant differences using the two-sided Fi isher exact test were
10 genes for JBTS have been identified (ref.1). The ciliary found. The O.R. ratios for SNP rs12179084 up to SNP 157766656
gene AHI] has been found mutated in 7 to 16% of cases with (red marks in Fig, 1) ranged from 3.07 10 9.1, sith thels s
JBTS. Interestingly. A1 was also found confidence intervals excluding 1.0 (see Fig.1). W

with autism (ref. 2). As JBTS isa “association between the ¢ e AHII

MotoB O.C., 2001
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Functional genomics in individuals: Understanding biology
using intra-species comparisons.
E. Birney;
European Bioinformatics Institute, Wellcome Trust Genome
Campus, EMBL Outstation - Hinxton,, Cambridge, United
Kingdom.

Gene Expression

GWAS 4 .
. Type |

* Diabetes ™ pams

‘Chromatin = G
“Cell Shape

MotoB O.C., 2001



The Cost of DNA Sequencing is Dropping
Rapidly: ~10 fold each Year!

I ———

Human Genome
Sequencing

Cost <$5K

MotoB O.C., 2001



Chromatin as a key regulator of DNA repair —

implications for the aging epigenome

MotoB O.C., 2001



The aging nucleus

Phenotypic changes in aged nuclei

MotoB O.C., 2001



DNA damage as a cause for epigenomic dysfunction?

MotoB O.C., 2001



Molecular biology of fragile X syndrome (FXS)

Physiopathology

Normal FMR1 Gene

| [kH1| [KH2| | NES RGG gmd FMRP

S ——— =
apeats

LY A

. : »

RNA Binding domains

Fragile X

CpG isiang { | kH1| [KH2

' - Fragile X phenotype

: FMR1 Silencin T
ypermethylation ‘ ing EEp Abnormal dentric development

NES RGG

- No translation inhibition

Motos O.C., 2001
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premutation
80 repeats

X

30 repeats

44 repeats
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OF PCR AND SOUTHERN BLOTTING WITH THE
ABBOTT ASR SIZING ASSAY

SIZE AND METHYLATION STATUS DETERMINATION
METHYLATION

MOSAICISM DIFFERENTIATES

PREMUTATION FEMALE
FULL HOMOZYGOTES

MUTATION FROM CARRIERS?

FULL
MUTATION STATUS
c200)

PREMUTATION
(55-200)

YES

e
SOUTHERN

“HOME BREW" PCR I YES, until aprox
(GC-RICH ASSAY, 80 REPEATS
DEAZA-GTP, ete.)

OTHER CONSIDERATIONS

PRECISION LABOR

INTENSIVE

ON INTENSIVE

STIMATES

(GC-RICH ASSAY, AT NUMBER

DEAZA-GTP, etc.)

MotoB O.C., 2001
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WORKFLOW WITH THE ASR-PCR SIZING ASSAY

MALE SAMPLES Son Espases
l FEMALE SAMPLES
“HOME BREW” PCR i

HOME BREW

»

//

Z normal allele

determination

l 1 normal allele or
Expanded allele

1 normal+1 expanded

l Normal allel

Southem —. End of study Southern » End of study

MotoB O.C., 2001



European Conference of Human
Genetics 2011
Amsterdam. The Netherlands

A Genome-Wide Association Study
identifies 2 loci associated with heart

failure due to dilated cardiomyopathy

!nserm

MotoB O.C., 2001



Results after discovery phase on
517 382 SNPs

Retested SNP Chr Position Locus Pool-GWAS® Individual GWAS"® MAF
cases/controls
OR 95% IC P-value OR 95% IC P-value

MotoB O.C., 2001



Replication phase

Locus Discovery sample Replication sample
Individual genotyping  Individual genotyping

P-value OR 59 P-value

OR 9

5‘
Cl

MotoB O.C., 2001



Summary/Conclusion

v DNA pools-based GWAS successfully identify two loci strongly
associated with DCM in humans:

-One locus encompass 5 genes in strong LD on Chromosome 1 with
p=9.5x10"'? for association in combined discovery and replication

samples

-Two nsSNPs in BAG3 display independent association with DCM with
p=3.1x10'2 and p=3.6x10? defining a protective haplotype

v'Mutation screening in familial DCM (n= 168) identified 6
heterozygous mutations in BAG3 (4 early stops, 2 substitutions) absent
from control population, with suspected strong functional effect and
segregating in families. This is strongly supporting that BAG3 is a new
morbid gene responsible for familial dilated cardiomyopathy

MotoB O.C., 2001



FASTTIRACK CLINICAL

Eric Villard 2*, Claire Perret?, Francoise Gary "2, Carole Proust?, Gilles Dilanian'?,

Christian Hengstenberg‘, Volker Rupperts, Eloisa Arbustini®, Thomas Wichter’?,
Marine Germain?, Olivier Dubourg?, Luigi Tavazzi’, Marie-Claude Aumont ',
Pascal DeGroote'!, Laurent Fauchier 2, Jean-Noél Trochu 14 Pierre Gibelin '%,

Jean-Francois Aupetit ¢, Klaus Stark*, Jeanette Erdmann'’, Roland Hetzer '®,
Angharad M. Roberts'?, Paul J.R. Barton?%2!, Vera Regitz-Zagrosek??, Cardiogenics
Consortium$, Uzma Aslam "2, Laétitia Duboscq-Bidot 2, Matthias Meyborg’,
Bernhard Maisch®, Hugo Madeira?}, Anders Waldenstrom 24, Enrique Galve %5,

John G. Cleland %%, Richard Dorent?’, Gerard Roizes?®, Tanja Zeller?,

Stefan Blankenberg??, Alison H. Goodall??, Stuart Cook'%2° David A. Tregouet?,

Laurence Tiret?, Richard Isnard "2, Michel Komajda'?, Philippe Charron'? and

Francois Cambien %311

MotoB O.C., 2001



Global Burden of Type 2 Diabetes

The prevalence of type 2 diabetes has been Increasing at
epidemic proportions globally

In 2000, the global prevalence of diabetes was 171 million. this is
projected to reach 366 million by 2030

Worldwide, almost 3 million deaths per year are attributable to
diabetes

Diabetes leads to other chronic complications

It is the leading cause of kidney failure, lower limb amputations and
new cases of blindness amongst US adults

Diabetes is the major cause of heart disease and stroke

Diabetes also poses a major economic burden worldwide
In 2007, diabetes cost the United States ~ $174 billion

MotoB O.C., 2001



San Antonio Family Heart Study

San Antonio Family Heart Study designed in 1991 to
Investigate the genetics of CVD in Mexican Americans

Included 1.431 individuals from 42 families

Rich genomic data

Genome-wide SNP genotypes in 1,431 individuals using the lllumina
Human 1M-Duo BeadChip

Genome-wide transcriptional profiling of 1,240 individuals at
baseline, detecting more than 22,000 transcripts

Rich phenotypic data

anthropometry, blood pressure, lipids, lipidomic species, obesity,
diabetes, inflammation, oxidative stress, hormones, osteoporosis,
brain structure and function

MotoB O.C., 2001



Metabolomics Laboratory (Baker IDI)

Ceramides
Sphingolipidis
Glycosphingolipids
Phospholipids
Di- and Triacylglyerols
Cholesterol esters
Modified lipids
oxidised, glycated

Lysolipids

hy, electrospray Free fatty acids

poOI€ mass spectrometer

~ ESI-MS/MS)

MotoB O.C., 2001



Genetic Components of Lipid Species

1,202 San Antonio Family Heart Study samples
From 40 large extended pedigrees
861 individuals without diabetes (baseline prevalence 28.4%)

110 (12.8%) individuals developed diabetes over 10 year
follow-up

Measured 356 lipid species

Evidence of significant heritability for the majority of these
traits

349/356 lipids showed significant genetic component
Average h? = 0.346

Maximum h? = 0.613 (p < 0.00001) for DHC 24:1

MotoB O.C., 2001



Introduction

GWAS has driven the identification of common
variation and association with complex traits

Published Genome-Wide Associations through 12/2010,
1212 published GWA at p<5x10-for 210 traits

-
8. @ 3 NHGRI GWA Catalog
N :“ - : WWW.QEnome.gov :-'.»‘.v‘.-?"\.
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